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Field Investigations of Landscape Development in southeast Spain for use in Modeling Holocene (8,000 - 1,500 yr) Agropastoral Landuse and Landscape Interactions
Figure 4.1. This map highlights Holocene terrace surfaces, hollows, geology 
and archaeology sites, and profile lines in the Penaguila field area. Alluvial 
terraces are crucial to this research because they record periods of past stable 
topography. This broad low relief surface (Terrace A) is scarred by deep 
barrancos and hollow formation that expose bedrock marls and overlying 
alluvial deposits. Small remnant surfaces mapped as Terrace Z (below Terrace 
A) were observed within the main barrancos and indicate a later, brief 
accumulation period with subsequent incision to the modern channel. Field 
work in August 2007 allowed us to verify terrace correlations and collect 
sediment samples from terrace deposits. Dating these samples using optically 
stimulated luminescence (OSL) technique will allow us to firmly establish 
terrace ages and to quantify erosion rates for different periods of incision.
Stratigraphic profiles and texture analyses of deposits from southern and 
northern exposures of Terrace A (Figs. 5.1 and 5.2, respectively). We see 
overland flow facies in reworked and CaCO3-encrusted marls, and 
several organic-rich paleosols. Gravels are interpreted as overland flow 
deposits with short and rapid transport indicated by the angularity of 
clasts and the preservation of soft marl pebbles. Note that a flint was 
recovered in situ at site ES-69 and is denoted with pink flagging tape in 
the field photo (Fig. 5.2). Black circles are locations of OSL samples, and 
squares denote where textural analyses have been completed (Fig. 6.1).  
In the Penaguila, sites dating back to late Mesolithic and 
early Neolithic (around 6600 BP) and subsequent periods 
(Chalcolithic and Bronze Age) are exposed on a 
prominent terrace surface mapped as Terrace A (Fig. 4.1)
These photographs show 
material excavated from 
sites in the Penaguila; 
(right) impressed-ware 
ceramics traditional of the 
western Mediterranean, 
(bottom) Neolithic 
fireplace from the Mas 
D’Is (Fig. 4.1).
Representation of paleolandscape during early 
Holocene occupation. Long period of landscape 
stability (accumulation of Terrace A) with soil 
development, braided river channels and overland 
flow. Gravels and boulder deposits in piedmont flats.
Slope denudation and rapid river incision followed by a time of landscape stability and 
aggradation (stream infilling) of gullies leading to the formation of hollows with a flat bottom.  
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Modern landscape - remnant Terrace Z surfaces ~10-15m from active channels in main 
barrancos. Flat bottomed gullies or hollow floors (Terrace Z) are actively being incised (M3).Figure 5.1 Hollows are curved, 
elongate, flat-bottomed gullies or 
“barrancos de fondo plano” with 
steep walls (2-30m high) that 
extend headward from the main 
barrancos. Field investigations 
prompted us to revise our original 
hollow classifications to reflect 
three main stages of development 
which are illustrated in the field 
photographs to the right. Spatially, 
M3 sites are generally continuous 
from the main barrancos, where 
Terrace Z is steepest, and M2 and 
M1 sites are found on more gently 
sloping topography.
We have measured 
profiles at two locations 
across a (H2) hollow 
(Fig. 4.1) to document 
surface expressions. 
Bedrock marls (some 
carbonated crusted) 
and overlying deposits 
are exposed along the 
steep-sides of hollows. 
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The Penaguila field area is located along the Mediterranean Coast of the Iberian Peninsula, Spain. It lies in the 
Alcoy Valley or (Valles de Alcoi) near the cities of Alcoy and Penaguila.   
Penaguila watershed  
Alcoy
Penaguila
Alicante
Valencia
This research contributes geomorphic data that will enable modeling of landscape changes resulting from land use 
practices during the mid Holocene (8,000 - 1,500 yr) in SE Spain. This is a time of important changes in the interactions 
between humans and the landscape. We mapped landforms, described alluvial deposits and collected samples on terrace 
surfaces and near archaeological sites. We see that the landscape progressed from a period of stability to erosion with 
deposition followed by rapid incision which initiated sometime near the time of human occupation of the surfaces.
Dramatic changes in land use were associated with the rise of agriculture in the mid Holocene in the Mediterranean region. Both the 
surface properties and the drainage networks were changed. Along with the direct modifications to surface properties (vegetation 
removal and change, sediment liberation and compaction) and consequent drainage alteration (terracing, canals), up and 
downstream responses in the watersheds communicated these changes throughout the landscape. The magnitude, rate, and 
feedbacks with the growing human populations are critical questions in our effort to assess human-landscape interactions.
To investigate these relationships, recent field work in the Penaguila Valley in southeast 
Spain included landform mapping, alluvial deposit description, and sample collection 
emphasizing areas of active erosion, remnant land surfaces and their relation to 
archaeological sites. We have updated our geomorphic maps by refining the delineation 
of alluvial terraces, steep-walled (40m deep) drainages (“barrancos”), and hollows 
(“barrancos de fondo plano”).
Holocene landscape development in the Penaguila appears to have progressed from a 
period of stability to slope denudation with aggradation (stream infilling) followed by 
rapid incision which initiated sometime near the time of occupation. This change from a 
low relief alluvial surface to one cut by narrow channels may have been an important shift 
for local populations. Their response to that environmental modification may be 
associated with the horticulturalist to agricultural intensification noted in the 
archaeological record. Tighter chronology and better understanding of the driving 
processes for barranco incision and hollow formation will improve our ability to correlate 
the changing landscape with land use practices. Such an improved correlation leads to 
better understanding of human-landscape interactions.
Sediment textures are currently being analyzed for multiple sites in the Penaguila.  Here we show results from two sites 
at Mas D’Is (above; Fig. 4.1) that are important for understanding the depositional environment at various times of 
human occupation. The parent material (marl; red lines/red bars) contains no sand-sized grains and is heavily 
carbonated. At these sites unit b (left plots) and M3/M4 (right plots) are clay-rich paleosols. We interpret unit c (left plots) 
and M1/M2 (right plots) as overland flow material (transported marls) with likely a component of aeolian sand (blue 
lines). Archaeological material is associated with these units. Note that an in situ flint was recovered from unit c. 
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Our work provides an important data set to a large international and 
multidisciplinary project that is examining long-term 
socioecological processes that shaped Mediterranean landscapes, 
from the beginning of farming to the beginning of complex 
civilization. Diagram (A) shows three, multidimensional geospatial 
geospatial layers used for landscape and landuse modeling.  
Paleoterrain reconstruction in the Penaguila region presented here, 
contributes to the terrain poly-layer in this interconnected structure.  
Diagram (B) illustrates the network of dynamic models that integrate 
the main data sets crucial to the overall research goals.  Paleoterrains 
and geomorphic mapping that will result from this research will be 
used in developing the main reference landscape chronosequence, 
which will then act as the initial state for modeling agropastoral 
socioecology and potential landscapes.      
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Type 1 Hollow (H1): shallow 
topographic depression (<2 m);  
generally elongate, but can be broader; 
minor disruption of pre-existing surface.  
Agricultural terraces follow these 
features.
Type 2 Hollow (H2): elongate 
depression that has a definite slope 
break (5-15m high), flat bottomed, no 
established drainage, & active 
agricultural practice on the flat surface 
(Terrace Z).
Type 3 Hollow (H3): elongate 
depression with steep-sided (in cases 
vertical) scarps (10-20m high) exposing 
bedrock marls and deposits, flat 
overgrown surface (Terrace Z) is 
actively being incised (<10m).
5. Stratigraphy of Terrace A  6. Textural Analysis of Terrace A 
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 9. Holocene Landscape Interpretation 
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